horseshoe crab (Limulus polyphemus). The complete primary structures of these peptides, which are very similar to that of the previously isolated peptide, now named tachyplesin I, were determined to be as follows:
Polyphemusin I NH2-R-R-W-C-F-R-V-C-Y-R-G-F-C-Y-R-K-C-R-CONH2 Polyphemusin II NH2-R-R-W-C-F-R-V-C-Y-K-G-F-C-Y-R-K-C-R-CONH2 Tachyplesin II NH2-R-W-C-F-R-V-C-Y-R-G-I-C-Y-R-K-C-R-CONH2
The Reduction and S-Alkylation-The tachyplesin and polyphemusin peptides were reduced and S-pyridylethylated or S-aminoethylated for sequence determination or identification of the COOH-terminal amino acid residue (5, 11) .
Amino Acid and Sequence Analysis-Amino acid analysis of tachyplesin peptides was performed as described previously (7), using a Hitachi L-8500 automatic analyzer.
The sequence analysis of S-pyridylethylated or S-aminoethylated samples was carried out with an Applied Biosystems 477A gas-phase sequencer and a 120A PTH-analyzer on-line system. TAG amino acid analysis system (Waters, Millipore, Milford, Mass.), as described previously (7). The COOHterminal residue of polyphemusin I was also identified by fast atom bombardment (FAB) mass spectrometry. Native and Ae-polyphemusins I were submitted to mass measurement as described elsewhere (12) .
Assignments of Disulfide Bridges in Polyphemusin I
were determined by the previously described method (7) d,minimal inhibitory concentrations (MIC) being determined, as described previously (7).
The MIC was expressed as the lowest final concentration at which no growth was observed.
RESULTS
Isolation of Tachyplesin II and Polyphemusins I and II -In the previous study (7), tachyplesin was finally purified by ion exchange chromatography on a CM-Sepharose column, after gel filtration of the acid extract of the Tachypleus hemocyte debris on a Sephadex G-50 column. When reversed-phase HPLC instead of an ion exchange column was employed for separation of the tachyplesin fraction obtained on gel filtration, we found two peptides, both of showed tachyplesin activity, as shown in Fig. 1S . The earlier peak, eluted at 28.8min, was named tachy- plesin II and the later peak, which eluted at 30.0min, was named tachyplesin I, which was also found to be identical to the tachyplesin previously isolated (7), based on its amino acid composition and sequence. In summary, the acid extract of the Tachypleus hemocyte debris was found to contain two isopeptides with tachyplesin activity. On the other hand, the acid extract prepared from
American horseshoes crab (Limulus polyphemus) hemocyte debris was first fractionated on a Sephadex G-50 column (Fig. 2S) . Polyphemusin activity was found in a low molecular weight fraction, which was further purified on a Cosmosil 5C18 column by reversed-phase HPLC. As shown in Fig. 3S , two major peaks were separated which showed polyphemusin activity. The yields of polyphemusins I and II were about 2.2mg and 0.7mg, respectively, from 99.5g
of hemocytes (wet weight). These polyphemusins thus obtained were subjected to structural studies.
Amino Acid Sequences of Tachyplesin II and Polyphemusins I and II- an NIL-terminal arginine, which is different from in the case of tachyplesin I, which has an NH2-terminal lysine (7). The results indicated that all of the COOHterminal residues of these peptides were not arginine but arginine ƒ¿-amide.
The presence of an arginine ƒ¿-amide in these three peptides was also confirmed by FAB mass spectrometric analysis. Figure 5S shows FAB mass spectra of native and S -aminoethylated polyphemusin I, in which the isotopic molecular ion distributions were quite similar to that observed for tachyplesin I (7 As reported previously (7), tachyplesin I displays antimicrobial activity toward both Gram-negative and-positive bacteria. The analogous peptides described here have almost the same potency as that of tachyplesin I, as judged on the basis of the results with the microplate culture method (Table III) . Interestingly, all of these peptides, 
